Traditionally, spirometry testing tended to be confined to the realm of hospital-based laboratories but is now performed in a variety of health care settings. Regardless of the setting in which the test is conducted, the fundamental basis of spirometry is that the test is both 
BACKGROUND
In February 2014, the Board of the Australian and New Zealand Society of Respiratory Science (ANZSRS) formed a working group to produce recommendations on the use of the Global Lung Function Initiative (GLI) 2012 spirometry prediction equations.
INTRODUCTION
Spirometry is the most commonly performed pulmonary function test and is performed in a wide variety of health care and research settings. Indications for the measurement of spirometry include diagnosis and monitoring of lung disease, evaluation of disability and impairment, research and public health for monitoring lung function or case-finding in at-risk groups. 2, 3 The interpretation of spirometry results is typically based on categorizing the results into three patterns: normal, obstructive or restrictive. 4 When spirometry results indicate an obstructive problem, it is important to establish if the airway obstruction is reversible or not, to guide diagnosis, pharmacological treatment or other management options. 3 A restrictive pattern may prompt further investigation while normal results may be useful to exclude certain diagnoses.
Over the last 20 years, there has been a significant move towards standardization of the way in which spirometry and other lung function tests are performed and interpreted with recommendations published in international best practice guidelines. [3] [4] [5] [6] [7] These guidelines have clearly defined equipment requirements, test performance procedures and interpretative strategies. However, despite providing lists of relevant reference value publications, these guidelines provide minimal direction about choosing the most appropriate reference values for interpreting the results of the lung function tests. In addition, these guidelines are now 10 years old and consequently reference values published since 2005 need to be considered.
The last two decades have also seen the emergence of a range of clinical guidelines that dictate how abnormal spirometry results are defined and the use of those results in managing individual patients. [8] [9] [10] [11] [12] However, many of these strategies are based on expert consensus rather than direct evidence. For example, the interpretative approaches for identifying COPD vary significantly between major international societies and even within individual countries. 11, 12 One consequence of the variability in advice to clinicians has led to uncertainty in the best approach to confirm COPD from spirometry results.
SUMMARY OF PROBLEMS WITH CURRENT REFERENCE VALUES
Since the 1960s, there have been over 70 spirometry reference sets published in the literature with significant variability in the definition of a 'normal' population, the statistical approaches used and the ethnicity of the populations studied. There may also be a confounding cohort effect in some countries, where the lung function has improved over time due to changes in nutrition, exposure to smoking, the environment and socio-economic status. 13 Given these issues, the pulmonary function community need to use the most up-to-date validated reference values for the interpretation of spirometric results.
A significant issue with older spirometry reference equations is that they were formulated for either adult or paediatric populations, with very few equations covering both children and adults. The transition between paediatric and adult respiratory services is a challenging period and introduces a number of complexities for the young person, their family and the respective health teams.
14 One poorly documented aspect of this transition is the impact of changing reference equations between paediatric and adult equations. One approach has been to 'stitch' equations together such that manual changes within a service are not required. However, as recently documented, this can lead to significant inaccuracies in an individual's predicted lung function. 15, 16 The use of reference equations that span the life course of a patient's contact with health services and the standardization of the reference equations would remove these problems and ensure that the most accurate representation of a patient's lung function at any particular age is maintained.
Another area of concern when evaluating patients' results with spirometry reference values is the effect of ethnicity (the term used throughout this review to describe racial background or physical characteristics). Identifying the correct approach to adjust spirometry reference values for ethnicity is poorly defined and inconsistently applied. Frequently, a percentage correction is used, such as a 12% reduction for spirometry (FEV 1 and FVC) if the subject is of non-Caucasian descent. 17 While this approach may be appropriate for some people, the inherent variability of the population based on age, height and gender is not taken into account, therefore the use of a fixed percentage reduction is unlikely to be valid in all patients. 4 Reference equations that cover the range of ethnic backgrounds of patients are required to accurately define the spirometry reference values for every ethnic group. It is recognized that this is not globally possible until data are available to generate reference equations for every ethnic population. The approach to individuals from parental mixed ethnicity is also a conundrum that needs further investigation. It is also recognized that other regional influences may give rise to differences in pulmonary function such as level of physical activity, nutrition and environmental factors.
As stated previously, international guidelines have provided little specific direction about the use of reference values. 4 The most recent American Thoracic Society/European Respiratory Society (ATS/ERS) guidelines have recommended the use of the Hankinson (NHANESIII) 18 prediction equations in North America. 4 These guidelines indicated that different reference equations 19, 20 were used in Europe and made no recommendations for the rest of the world. As a result, it is likely that there is significant variability in the reference sets used across Australia and New Zealand. The use of a single set of spirometry reference equations throughout Australasia would help optimize standardization of spirometry testing procedures and interpretation of results across all health facilities.
THE GLI 2012 REFERENCE VALUES
Since the 2005 ATS/ERS guidelines were published, significant advances have been made in the area of reference values with the publication of the GLI 2012 spirometry reference values. 1 The GLI 2012 equations have been endorsed by multiple national and international respiratory societies including ANZSRS, Thoracic Society of Australia and New Zealand (TSANZ) and Asian Pacific Society of Respirology (APSR). The GLI started as a collaboration of researchers, respiratory physiologists and physicians who were concerned with the limitations of currently available spirometry reference equations. The success of the Asthma UK initiative to derive spirometry reference ranges in a Caucasian population aged from 3 to 80 years demonstrated that the concept of collating data from individual spirometry records was sound and could lead to significant advances in the prediction of spirometry outcomes in patients of all ages. 21 A working party was formed at the ERS conference in 2008, which subsequently received endorsement as an ERS Task Force. The brief of the GLI Task Force was to collate spirometry data from healthy individuals of all ethnic backgrounds and to derive all-age, multi-ethnic spirometry reference ranges.
The generosity of the global respiratory community to participate in the GLI efforts was unparalleled with data from 73 centres equating to over 160 000 individual spirometry records being submitted. Following assessment of paired spirometry and ethnicity information and other exclusions, equations were derived from a total of 74 187 spirometry records in individuals aged 3-95 years. The analysis of the spirometry data was performed using the lambda, mu and sigma (LMS) method, which allows for modelling of variability and skewness of data and uses splines to account for the interactive effects of age, height and gender. 16 The resultant GLI spirometry equations provided continuous age-sex-height prediction equations for Caucasian, African-American and NorthEast and South-East Asian populations between the ages of 3 and 95 years. 1 The GLI also produced a set of equations for use in ethnicities where no specific equations were created (labelled 'Other'), using the entire data.
Respiratory laboratories across Australia and New Zealand have struggled with selection of appropriate lung function reference ranges for patients that are from non-Caucasian backgrounds, primarily due to the paucity of reference equations in other ethnic populations. The advanced statistical modelling of the GLI 2012 spirometry reference equations demonstrated that the differences in predicted lung function between ethnic groups were stable across the age and height range for men and women. 1 An important outcome is that lung function reference ranges from previously unrepresented ethnic groups (such as Australian Aboriginal and Torres Strait and Pacific Islanders) can be derived from smaller data sets to create new LMS equation coefficients within the current GLI 2012 equations. Until these can be developed, it is recommended that the reference data for the Other GLI ethnic group are used for individuals of ethnic origins not identified within the GLI 2012 equations. 1 As the GLI 2012 equations have been derived from a very large population using multiple equipment types, the variability associated with the equipment type is minimal when compared with the biological variability from the subjects involved. The reference equations therefore are not only applicable to a range of ethnicities, but also to a broad base of instrumentation and method of measurement.
The appropriateness of the GLI 2012 spirometry reference equations to local, contemporary conditions was confirmed through the comparison of the GLI 2012 data to that of a collated data set from centres in Australia and New Zealand. Hall et al. collated spirometry data from >2000 Caucasian individuals across 14 centres and compared the predicted GLI 2012 values with the measured values. 22 These authors demonstrated that the mean difference of Z-scores was <0.25 across all outcomes, equating to differences of <90 mL and 3% predicted for FEV 1 . These findings have been extended to other multi-ethnic populations in London suggesting that the GLI 2012 equations will be appropriate for the range of ethnic groups represented within the original study. 23 However, caution should be exercised in situations where individuals have migrated from developing countries or come from a significantly lower socio-economic background as recent results from Tunisia and India suggest that the GLI 2012 equations may be less accurate in these circumstances. 24, 25 
EFFECTS OF CHANGING TO GLI 2012
Since the release of the GLI 2012 reference values, there have been a number of publications examining the effect of adopting these equations on spirometry interpretation. When applied to a clinical data set, the difference in the mean predicted values for FEV 1 32 (lower rate of reduced FVC in boys). One important issue which needs to be considered when adopting the GLI 2012 equation is that age should be calculated to one decimal place to allow accurate calculation of the predicted values. Quanjer et al. reported that using age in whole years rather than one decimal place introduced a bias which ranged from −8% to +7% in the predicted value. 33 This effect is more pronounced in children than adults; however, it is significant across the entire age range. Another important factor is the accurate measurement of height, rather than using stated height. It has been reported that errors in self-reported height can be as large as 6.9 cm. 34 Using the GLI 2012 equation, a 1% bias in height introduced biases in the predicted FEV 1 and FVC ranging from 2.1% to 2.4%.
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INTERPRETATIVE APPROACHES WHEN USING GLI 2012
The ATS/ERS interpretative strategies for lung function tests provide guidance to determine whether the spirometric pattern is normal, obstructive or restrictive. The interpretation includes an assessment of test quality (acceptability and repeatability), the comparison of the patient's results to an appropriate reference population and consideration of the clinical question.
The ATS/ERS guidelines recommend that the interpretation of spirometry measurements use the lower limit of normal (LLN) to detect an abnormality. The LLN represents data below the lower fifth percentile from a large healthy reference group.
Using the ATS/ERS algorithm, spirometry results are assessed in order: 1. If the FEV 1 /FVC ratio is below the LLN, an obstructive deficit is indicated.
If the FEV 1 /FVC ratio ≥ LLN and the FVC is < LLN,
a restrictive pattern is suggested, which should be confirmed by evaluating the total lung capacity. 3. If both FEV 1 /FVC and FVC are above their respective LLNs, the spirometry is most likely to be within normal limits. The final step in the interpretation process is to answer the clinical question, that is, the reason for referral for spirometry testing.
The ANZSRS support the recommendation that the interpretation of spirometry measurements use the LLN to detect an abnormality rather than a fixed cutoff. Unfortunately, while a single threshold may be easy to remember and apply, it is fraught with error and is not applicable to the entire population's age range. The FEV 1 /FVC ratio varies with age, height and gender, and declines with age. Applying a fixed FEV 1 /FVC cut-off value of <0.70 to define the presence of airway obstruction has been reported to lead to under-diagnosis of obstruction (false negatives) in the younger population and over-diagnosis of obstruction (false positives) in the older population. 35 Furthermore, evaluating spirometry data with 80% predicted and fixed cut-off points to determine if results are abnormal can lead to more than 20% of patients referred for pulmonary function to be misdiagnosed. 36 The ANZSRS recommends that the LLN is used to define the presence of lung function abnormalities. It is however important to consider that the LLN is based on statistical data and there may not be perfect agreement with clinical normality. Therefore, the clinical context of the test result must also be considered when interpreting results. A result below the LLN is more likely to represent true clinical abnormality in a subject from a high-risk group or where the subject has clinically relevant signs or symptoms.
A simple way to present spirometry results and their relationship to LLN is to express the results as Z-scores both numerically and using a pictogram (see Figs 1-4) . The Z-score represents how many SD the measured value is away from the mean predicted value (i.e. a Z-score of 0 represents the mean predicted value, while a Z-score of −1 would be one SD below the mean predicted value). This visual representation of data is easy to understand for all health care professionals. The shading on the scales clearly identifies the normal range, the areas close to the limits of the normal range and the area outside of the normal range. The Z-score for each variable is represented by an arrow or dot, which allows clinicians to quickly visualize which, if any, spirometric parameters are below the LLN range (Z-score < −1.64) indicating the presence of abnormality. The location of the arrow or dot also allows the clinician to assess how severe any deficit is, with a more negative Z-score indicating more severe abnormality. Another significant advantage of this mode of representation is that results of any measured respiratory function variable can be represented in this way, making comparison of different lung function outcomes quite straight-forward.
The most widely used severity classification for test interpretation is that recommended by the ATS/ERS guidelines. 4 These recommendations have five different categories based on arbitrary cut-off values using FEV 1 % predicted. Recently, research has investigated other approaches, such as Z-scores, to assess the severity of spirometric abnormalities. A study by Quanjer et al. used a large pool of both clinical data and data from epidemiological studies to investigate this technique. 37 The study determined Z-score cut-off values to classify the severity of spirometric abnormalities, which correlated very well with the ATS/ERS cut-off values. Using Z-scores to determine the severity of spirometric abnormalities would eliminate the age and height biases which are associated with the percentage of predicted approach. This is an area of spirometry interpretation that has potential for further study prior to inclusion in clinical management guidelines.
The application of GLI 2012 reference equation and a statistically based approach to evaluation of spirometry measurements is demonstrated in the following examples. Using the report layout shown below ( Figs  1-4) , the clinician can either compare the measurements with the LLN or simply just view the Z-score.
Example 1 (Fig. 1) : The pre-bronchodilator spirometry results for a 73.4-year-old Caucasian male with a height of 176.6 cm show a normal spirometric pattern. The measured FEV 1 /FVC is 67% which is above the LLN of 62%, with the GLI 2012 Z-score being −1.01. Therefore, the measured FVC is then evaluated and at 4.70 L (Z-score of 0.97), the FVC is also above the LLN of 2.98 L. Thus, this spirometry result is within the normal limits. In Figure 1 , the dots on the Z-score pictogram clearly show that all values are within the normal range. Although the measured FEV 1 /FVC is <0.7, these spirometry results do not indicate an obstructive spirometric pattern because the LLN is 62% for this individual. Salbutamol inhalation, and a significant bronchodilator response is evident with both FEV 1 and FVC improving by >12% and >200 mL, respectively. 4 Although the baseline FVC is below the LLN, the post-bronchodilator value is above the LLN suggesting that co-existent pulmonary restriction is unlikely.
The final example ( 
POTENTIAL LIMITATIONS TO ADOPTING THE GLI 2012 SPIROMETRY EQUATIONS
It is important to consider potential limitations to the uptake of the GLI 2012 spirometry equations into clinical and research practice. The main issues are summarized below. For additional information, the reader is directed to an excellent educational paper by Stanojevic et al. 38 Currently, the GLI 2012 equations offer the most comprehensive multi-ethnic spirometry equations. However, it must be acknowledged that there is a vast global ethnic diversity and that it is unlikely that any lung function reference equations will be able to cover the complete spectrum of ethnic groups seen within any one health service. This is highlighted by increasing global migration and children of ethnically diverse parents.
Within the Australian and New Zealand context, the GLI 2012 equations do not include Australian Aboriginal, Torres Strait Islander, Maori and Pacific Island populations and this remains a significant challenge for the Australasian community. For these groups, until specific GLI equations are produced, it would be reasonable to use the GLI 2012 Other equations. It should be noted that the ethnic variability in the predicted FEV 1 /FVC ratio from the GLI 2012 reference equations is low with the largest difference of 2.9% being between Caucasian and South-East Asian males. 1 It is therefore likely that the use of the FEV 1 /FVC GLI 2012 predicted values will minimize the potential misclassification of obstructive lung disease in patients from a range of ethnic backgrounds.
The ANZSRS recommends that each health service makes an informed choice on how the service plans to address the issue of ethnicity for their own patient populations. This could include either using equations considered to be most appropriate while acknowledging on their lung function reports that accurate reference equations for the ethnic population in question are unavailable, or use the GLI 2012 Other category for bi-racial patients and those from unrepresented ethnic groups while noting the potential problems with this approach on the reports.
The changing of any prediction equations will potentially impact the clinical results of previous tests. It will be critical for each clinical service to consider how it will approach this change. Comparison of absolute values from different visits, rather than comparing percentage of predicted values is the most appropriate way to deal with this issue. Medical, scientific and nursing staff within a clinical service should have a clear understanding of the changes and how these will be explained to patients as they attend for follow-up visits.
The GLI 2012 spirometry equations were developed to include spirometric parameters recommended for clinical use by the ATS/ERS spirometry guidelines: FEV 1 , FVC and FEV 1 /FVC.
3 FEF 25-75% is also available, although not recommended in the ATS/ERS interpretative strategy. The use of FEF 25-75% and additional flow and/or volume outcomes for the clinical interpretation while common in some practices is not supported by successive national and international guidelines and has been demonstrated in three large independent studies not to add any value to the interpretation of the spirometry results. 3, 4, 22, 39, 40 An increasing number of manufacturers have incorporated the GLI 2012 equations into their existing software and/or hardware systems. The GLI group regularly updates information outlining which spirometry systems are GLI 2012-enabled (www.erseducation.org/guidelines/global-lung-function-initiative/ manufacturers.aspx). Depending on the situation, applications are available that allow the GLI 2012 predicted values to be generated for an individual patient at the time of the clinical test, or for larger research data sets to be converted into predicted GLI 2012 outcomes. These applications can be found at the GLI website (www.lungfunction.org).
SUMMARY OF STATEMENT
The use of appropriate reference values is vital for valid interpretation of spirometric results. Given the large number of subjects, the stringent criteria used and the fact that the data are contemporary and use appropriate statistical analyses, the GLI 2012 spirometry prediction equations represent the most robust and scientifically valid equations available at this time. These equations have been endorsed by national and international respiratory societies and have been formally recommended for usage by the Association of Respiratory Technology and Physiology (ARTP). The ANZSRS formally recommends the use of the GLI 2012 spirometry prediction equations for all spirometries performed in clinical, screening, occupational health and safety and research settings. This is an important step in the standardization of spirometry across Australasia.
Given the significant amount of data revealing how lung function declines with age, the ANZSRS also formally recommends the use of LLN to define abnormality in spirometric results rather than the use of fixed cut-off values. Moreover, where possible, ANZSRS encourages the use of Z-scores to aid interpretation. These important steps will result in a reduction in misclassified spirometry results.
Recommendations
The following recommendations have been proposed by the ANZSRS: 
